All relative energies were calculated by as differences of the total electronic energies of the corresponding active-site models, possibly included also the total electronic energies of the relevant gas-phase molecules, which were calculated for the isolated molecules without any solvation model.
Zero-point corrections were not included as the active-site models were obtained from constraint geometry optimizations and do thus nor correspond to true minima on the potential energy surface. This precludes the calculation of the corresponding vibrational frequencies.
No entropic corrections were applied to the electronic energies, as large errors have to be expected with the conventionally used models because (a) a free-particle approximation is nor appropriate for the involved gas-phase molecules within the zeolite framework; (b) rotational contributions are not meaningful for the active-site models that form part of the fixed zeolite framework; and (c) vibrational contributions are not accessible because constraint geometry optimizations have been employed. The largest entropic contributions are expected for the steps involving the adsorption of release of molecules from or to the gas phase. The prediction of ∆G for these steps will require more a advanced computational methodology as well as the consideration of temperature and partial pressures of the involved gas-phase species (see, e.g., Refs 2,3). Thus, the inclusion of entropic contributions is beyond the scope of the present work that only aims at identifying and comparing feasible catalytic reaction pathways. . While there are some notable differences between the two models for B, C, and J, the relative energies of the remaining intermediates are hardly changed when using the larger model. Overall, the energy profiles remain qualitatively unchanged.
In addition, the right part of Fig. S1 compares the BP86/TZ2P results for the minimal active-site model to a model of a NH 3 -solvated Fe center, i.e., using [Fe
+ as starting point, that does not include the zeolite at all. While also in this case, the relative energies of some of the intermediates change, the overall energy profile remains qualitatively unchanged.
These findings give us confidence that our minimal active-site model is sufficient to identify feasible reaction pathways and to reveal intrinsic mechanistic differences between Fe-and Cu-catalysts that are independent of the precise nature of the active center.
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Figure S1 
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The optimized molecular structures of all intermediates considered for Fe-exchanged zeolite catalysts are shown in Fig. S2 , and xyz files with the corresponding coordinates are included as supplementary data. All calculated relative energies as well as spin-state energy differences are listed in Table S1 .
S2.2 Comparison: BP86 vs. B3LYP
In order to assess the dependence of our computational results on the exchange-correlation functional, we repeated all BP86/TZ2P calculations with B3LYP/TZ2P. The corresponding energies are included in Table S1 . Fig. S3 compares the calculated BP86/TZ2P and B3LYP/TZ2P energy profiles. Overall, very similar relative energies are obtained for all Fe III species, whereas for the Fe II , B3LYP provides higher relative energies compared to A. However, these differences do not affect our general conclusions. Figure S3 : Comparison of the energy profiles for the considered reaction pathways of the reduction-half cycle of the SCR reaction catalyzed by Fe-exchanged zeolite catalysts calculated with BP86/TZ2P (black, see Figure 3 ) and with B3LYP/TZ2P (red). Only the lowest-energy spin state is included for each intermediate.
For all Fe
II species, with the B3LYP hybrid functional provides a larger spin-state energy difference between the low-spin and the high-spin state and stabilizes the high-spin state.
This is in line with the well-known tendency of hybrid functionals to prefer high-spin S8 states. 4, 5 Thus, both the non-hybrid BP86 and the hybrid B3LYP functional consistently point to a high-spin ground state for the involved Fe II species (see also Fig. S4 ). Figure S4 : Comparison of the energy profiles for the considered reaction pathways of the reduction-half cycle of the SCR reaction catalyzed by Fe-exchanged zeolite catalysts calculated with BP86/TZ2P (black, see Figure 3 ) and with B3LYP/TZ2P (red) showing the calculated energies for the low-spin state of the Fe II species.
S2.3 Comparison: BP86/B3LYP vs. BP86-D3/B3LYP-D3
In order to assess the dependence of our computational results on dispersion correction, we repeated all BP86/TZ2P and B3LYP/TZ2P calculations with BP86-D3/TZ2P and B3LYP-D3/TZ2P. 
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S3 Cu-exchanged zeolite catalysts
S3.1 Structures and energies
The optimized molecular structures of all intermediates considered for Cu-exchanged zeolite catalysts are shown in Fig. S6 , and xyz files with the corresponding coordinates are included as supplementary data. All calculated relative energies as well as spin-state energy differences are listed in Table S2 . Figure S6 : Optimized molecular structures (BP86/TZ2P) for all considered intermediates for Cu-exchanged zeolite catalysts. 
S12
A 1/2 0 0 B 1/2 −76.4 −82.3 C 1/2 −28.5 −23.4 D 1/2 −20.2 −11.9 E 0 −76.6 3.8 F 0 −112.5 −70.9 G 0 −153.9 −112.9 H 0 −145.0 −111.0I 0 −134.2 −98.3 J 0 −237.1 −270.0 K 0 −92.7 −17.2 L 0 −63.8 −21.6 P 0 −142.7 −87.1 Q 0 −106.8 −27.3 M 0 −114.3 −61.1 N 0 −134.9 −128.1 O 0 −146.2 −82.0
S3.2 Negatively-charged active-site model
The possible reaction pathways for a negatively-charged model of the active site of Cuexchanged zeolites are summarized in Fig. S7 , and the corresponding relative energies are listed in Table S3 . Table S3 : Calculated BP86/TZ2P and B3LYP/TZ2P relative energies (∆E, with respect to model A) for all calculated intermediates for Cu-exchanged zeolite catalysts using a negatively-charged active site model. 
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Compared to the neutral active-site model, some differences can be observed: On the 
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S4 X-ray emission spectra
The calculated XES spectra of all considered Fe and Cu intermediates are shown in
Figs. S10 and S11. Note that the low-energy peaks for Fe species F, G, H and J is not clearly separated from peak B and we thus do not assign this feature to the peak A observed in Ref. 6 . 
